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■ SUMMARY «; - . ,.• \ ,' ( '■ , 

, Thi'h worJc; 1 was '/requested by the Headquarters tactical Air Command 
through /a Request for Personnel Research (RlPR 79-08). The objective of 
the RPR* was -bail improve the training of Air Force air' weapona controllers 
by development! and application of advanced training technology. The 
techijplogy to \be developed was a' computer graphics simulation of; 
three-dimensional \\ aifrspacie intercept tactics and geometry, i Successfully 
performing ''^he job . of art air weapons controller requires a thorough' 

• - • 'f , . v • • • • .. 

understanding of these issues . \ 



Since current (training devices and operational equipment provide only; 



-a 'two-dimensional display, the complexity of intercept ' geometry has been 
difficult to display and teactfk Specifically, the desired capability 
included simulation of heading' crossing arigles, intercept' vectors, turn 
points for intercepts, atyl bearing and range to target." A simulated; 
three-dimensional computer graphics display system was developed to 
address these issues. Videotapes -of complete aircraft intercept mission 
sceVai;ios werp made for use by students at the USAF Interceptor Weapons 
School, (IWS), Tyndall AFB FL. /.These, tapes have; been incorporated into 
the IWS : r training program* In addition to reporting the work 
accomplished, Volume I of this paper discusses- technical issues 
identified during this effort. Volume II provides a users guide bo the 
computer system and explains in detail how the system is operated, both 
for' interactive (Ijve-fJLying) control of the aircraft and for developing 
scripted mission scenarios for producing videotapes. ~ | 
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An exploratory resojiroh And development D project was conducted to^ 
examine the feasibility 'of ^developing y simulated three-dimensional 
computer graphics training system for Air Force air weapons controller, 
Thife work was performed as patfjt of the research and development support 
being provided to the tactical command »and control community by the 
Ground Operations Branch, Logistics and Human Factors Division of the Air 
Force Human Resources Laboratory, This effort supports Project 3017 7 
Technioal/Team Performance and Training, Mr. Bertram Cream, Project 
Scientist; Task 3017-08, Crew Group Team and Unit Performance ( and 
Training*' Mr. 'Bertram Creamy Project Scientist ; Work Unit 3017-08-02, 
Training for Air Weapons Controllers tfs,ing Advanced Computer Graphics 
Technology, Mr. Lawrence Finegold, Project Scientist. 1 
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IIACKOROUNO * 4 

Ths primary function of Alb Pores air weapons) controllers . l« to' 
dlroot bh« flight of frUndly aircraft it a th^y intercept unknown or 
houtUo targot aircraft, Thlw in accomplished through the uua of 
two-dlmongional graphics radar displays and'voico communication!! with fcbo 
aircraft pilots. (Although an increasing nutobor of air waapone V 
controllers are involved in guiding aircraft to ground targets, this 
project addressed iosiuiq primarily relevant to training' for air-to-air 
intercepts.) Training for this demanding occupation is accomplished at 
sevoral Air Force training organizations and at operational units', At 
£ho technical training schools, high fidolity training systems, which 
emulate the operational systems, provide the primary source of simulation* 
for intercept training; (is, well as providing radar input for "live 
flying 11 training sorties. This equipment, While quite useful for 
familiarizing students with the equipment they will use afy their 
operational units, lacks certain graphics simulation capabilities that 
could significantly improve the quality of intercept training. 

A series of discussions with instructors from various air weapons 
controller training organizations identified a set of' critical training 
issues which have been particularly difficult to teach because they were 
difficult to display visually to students. Most of these issues Involved 
the* concepts of Intercept geometry and tactics, airspace situational 
awareness euid flight safety. The capability to demonstrate these 
concepts visually in a dynamic simulated three-dimensional airspace was 
expected to have the* most significant Impact on training. 

Hip- + 

^lequest for Personnel Research (RPR 79-08) from Headquarters, 
Tactical Air Command to* the Air Force Human Resources Laboratory ^ 



Ulantifj^l the need fop * ipephles simulation eapabiiUy and tasked this 
Ubopatopy to -develop "tipeaiai purpose 9-0 [three-dimensional^, displays 
that eap, provide perspective information and .visually present comples 
alpepaffe geometry and alrspaoe PoUfclon§hlp§ M flop alp weapons controller 
, training, « V 

In supports of this objective, the effort deieplbed In Mils paper was 
implemented specifically to airport the training, provided, by the UflAP 
interceptor Weapons School uws) at TyndalJ APR VI, > students Ip ,the nwa 
training program have already completed * basic alp weapons controller 
training and ajre being Introduced to the Heml- Automated Ground 
Knvlro'nment (UQi) ' haok-Up. Intercept Control (imiu) automated radar, 
equipment, They also recede considerable additional training at IW8 to 
Improve their skills In porfo^aiafr^lntercepts using various air -battle 

, ■ •» 

tnctlcu , ' 

' ' t • 

' I i 

Tho IW8 Instruction relating to flghtoij guidance for Intercepts 
consumes the largest amount of time for student training and requires 
that students be knowlodgoablo about intoccopt tactics And procedures, 
including intercept geometry , airspace utilization, and flight safety. 
"Training is accomplished through a aerios of classroom lectures, combinod 
with intercept practice using both the BUIC simulator and live sorties. 
However/ the simulated BUIC radar system, verbal lecture^, and static 
displays such as vugraphs or chalkbpard drawings cannot show the dynamic 
nature of the geometry involved in performing aircraft intercepts, 
especially the relevant three-dimensional aspects. / 

The primary training problem, then, is the difficulty of effectively 
presenting the dynamic geometry involved in performing intercepts. For 
example, instructors cannot easily show students the effects of the 
timing of a turn on the geometry of the intercept, nor can they easily 
demonstrate how a heading correction given at a particular time will 
affect the intercept 2 or 3 minutes later . Most importantly, students 
cannot be sh^wn m the relationship between* two-dimensional intercept 
geometry and the fact that aircraft .are actually * flying in a 



thfea iUwe»i**i«n*i ps#i wap^ : The twq -iHwaealunal radar display <ioas n«t > 

graphically -show tha ^ffset af altitude sepapatinn m either intercept 

gantiptpy op flight safety-. An*«4fltal enmwn.tii fwm instructors imitate*} 

that the wore ppnflelant air weapon* 'sofitroUapa - have ilevalopa^ an 

anility to - v'UmaIU* what/ is eeettPPlnfi In the third dimension (height): 

Presenting this three dittan* tonal Informal: ion to students is difficult 

becausa ■ t <tha training a»4uipi«ent presents only a top down, two dimensional 

viaw of n»« intarcopt, 
ft \ * 

Tha only traWiittK system fehftt provide a simulated thP#§-d.iffi#n«ilonftIi 
dynamic vUw of an felPQf&ft ifU^rewpt l§ the- A«eUl Goifllwt Haiiauvapinft 
tni)t:r incantation <A*!HO *iy *ii am (AUimu, Win) \ wbi«h is oasd for pi lot 
training* ThU aytfUro pintoWtaa m\ aooui'Htja, d«tal*Ud r«prD««itUilon of 
th<* f l i rill* of tut **ro^pior and tarsal aU^rart, ! <iii<t thus pi'titientM an 
ti*£4tl*tut #imui<4tt>d thi^^dlm^nttlorml dyn&mU f'St^ayentaUon of aircraft 
munouvuru during lot urcuptu , Howuvor , It haM two drawbacks t h*6 vUffllt*! 
1U uunf uhiwtiM for ^tMr^Bslnft Mu» lMMU«d or I'tioal for w^apona 
^ cantroliora . Ih u f lr a t U that 1 1 . c anno L ulmtilatu- lntarcepU}, li--<jau 
only collect and record goographle poaition datj^ from tl\^ flying aortitis 
and. present thonu data graphically. Thua , It U ImpoBalbl^ tor, an 
Inutructor to develop an exact plan tor a mluulon to demonstrate a 
particular Uiauo and have the computer almulate thiu upoclfU nconarlo. 
^Ithough It would bo pouulblo to record tho positional data from live 
intorcoptu, live Intercepts aro vory difficult -to fly exactly according 

to a probriofed pattern . Live miosiono would havo orrors and positional 

"... * 

changes that wou ; ld change tho goomotry of tho intercept from that 
originally planned. Thus, it would be very difficult for an instructor 
to plan a mission scenario to demonstrate specific training issues and 
have the mission flown precisely as briefed, to show these 'particular 
situations. One of the major advantages of a simulation system is that 
scenarios can be planned exactly, and the computer software will fly the 
mission precisely as planned. 



The second major drawback is that it is currently impossible to 
develop and present any special graphics as overlays <$R" top of the visual^ 
scene. This type of display is absolutely essential to demonstrate the 
geometry involved in the various intercept tactics.' Students need to tte 

sti"own both the two-dimensional and three-dimensional aspects of intercept/ 

& ' * * * ■ / 

^geometry, tactics, and procedures. Concept— that need to be presented 

include Heading Crossing Angle, Bearing and Range-to r Target , Turn Point, 

Effects of Timing of Turrfs, Cone of Attack,, Interceptor Approach and 

Attack Vectors, Patterns for Continuing Intercepts, Effects of Altitude 

Separation, Direction of V Initial Turn-to-Target , Re-attack Profile, 

Offset and, Transition Points, Maintaining Airspace Integrity, and 

Ch posing Target Headings. These concepts are illustrated in Section II 

of this paper and are illustrated and discussed on the two videotapes 

developed during this effort. 

Although all of these issues are initially addressed in the basic air 
weapons controller training course, the entering IWS students typically 
have only a rudimentary understanding of how they affect the outcome of a 
mission. In order to provide a review and more in-depth presentation of 
these concepts and techniques via videotapes, the IWS instructor staff 
participated in the design of the aircraft display and control 
capability, the special graphics needed to demonstrate the intercept 
geometry issues, and the mission flight scenarios the simulated aircraft 
would fly . r * ' " . 



OBJECTIVE 

This research and development effort was initiated to assess and 
'demonstrate the feasibility of developing a simulation training system to 
address the set of training issues discussed previously. The primary 
purpose was to supplement the training currently being offered by the 
instructor staff of the IWS by providing them with an improved capability 
to display and demonstrate critical aircraft intercept concepts and 
techniques that are very difAgkult to address adequately using the 



existing training equipment . 
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s ' <> « * 1 

• » 

In order, to develop a graphics simulation training capability that 
would address the issues deemed critical to the IWS training program, a 
<^>se working relationship was developed with the IWS management and 
instructor staff. Frequent discussions and meetings were held with these 
personnel <to identify the training issues needing supplemental training 
and to design computer graphics that would demonstrate these critical 
concepts and techniques. Periodic reviews were held with these 
personnel, both in the form of ^ace-to-face visits and by reviews of 
sample videotapes (of the various ; displays) which were sent to the IWS* 
staff for their critique, along with a written review -questionnaire. In 
addition, the IWS instructor and student manuals, plus other training 
materials, were used as illustrations for several of the required 
displays relating to intercept geometry. 

The initial step t in this effort was to r ~ develop the capability to , 
display and control three aircraft in a defined airspace. This allowed 
two interceptors to be controlled against one target, which is the 
ability level required by graduates of the IWS training program. The 
hardware chosen for|* this effort was an Aydin Controls, Inc., Model 5216 
graphics microcomputer and high resolution color monitor. This effort 
required color capabilities, a high resolution pixel configuration, 
raster scan technology, system reliability, and sufficient memory planes 
to allow for visual scen6 animation. Aydin Controls Inc . also supplied 
an off-the-shelf * basic three-dimensional simulation software display 
system, encoded in Programmable Read Only Memory .(PROM) . The 
applications software was' written using the FORTH programming language 
and was stored on a 5.0 -megabyte hard disk. Thjs configuration provided 
the high resolution, full-color, animated display of either two or three 
aircraft. All of the flight parameters of the aircraft (e.g., heading,' 
speed, altitude) were designed to be controllable interactively via a 
standard Aydin Controls, Inc i. microcomputer keyboard. A grid display was 
developed to simulate the airspace boundaries , and several other basic 



u 



display and control features, to be described later , were established. 
Reviews and critiques by air weappns controller instructors were quite 
beneficial in def igiiv^jall of these features*, many of which underwent 
major revisions, especially the airspace display, on the basis of this 
feedback. J- 

Once the ^capability to display and control the aircraft was achieved, 
more detailed discussions with the IWS project officers led to a set of, 
training issues for, which special graphics were to be developed. * These 
focused on the. geometry involved in performing stern and cutoff intercept 
tactics'. As before, frequent discussions were held with the IWS staff to 
insure that these graphics were accurate and addressed the issues* of 
primary importance. Mission scenarios were then developed to illustrate 
the tactics and procedures involved in performing stern and cutoff 
/intercepts. ■ - . } * ' ■ : l ( 

Finally, after the graphics were deemed acceptable, one of the IWS 
project officers prepared scripts which addressed the training issues 
being displayed Und recorded these instructor scripts on the videotapes 
for the stern and cutoff mission scenarios. This resulted** in two 
videotapes to be incorporated into the IWS trailing program. ~ 



RESULTS 

This effort successfully demonstrated the feasibility of addressing 
critical air weapons controller training issues that had previously been 
very difficult to teach. 

Although this effort successfully accomplished its objective, many 
limitations were encountered while this prototype systSyn was * being 
developed. Alth^tigh the state-of-the-art .in microcomputer technology has 
advanced considerably since this effort was initiated: and the hardware 
and , software described here have many excellent capabilities, several 



15 



^issues need to be considered in the planning of future relate^? research 
and development efforts. These capabilities , and limitations* are 
discussed in more detail in Section III, but are listed here to provide a 
summary of the major technological difficulties encountered during ,th|s v 
effort. ) « . 

;> 1. The programming language used on the graphics computer in 

' conjunction with the firmware limits - the user to' 

approximately 32 Kbytes of usablfe applications software, 

whereas the computer can be configured to store 7<626 Kbytes 

of program-code. Several graphics features had to be 

eliminated because of the requirement to stay within the 32 

Kbytes of primary jnemory. This limit iatiou 7 cannot 

currently be overcome, although it is possible ^hat systems 
- • • ■ '. " * .>i " 

* using other languages might allow an adequate amount of 

• • ' ' ■' ■■■■■■■ / ; \. ■ 

primary memory for use- of additional graphics and program 
management software. 

tiVe control Sbf the aircraft by an operator using 
yboard is very difficult. A different type of input 
system, such as voice recognition technology, should be 
examined if reisearch and development continues on, this type* 
of system. r . * 




3. y though raster scan display technology is superior in many 
.ways to other types of display techniques, ways to minimize 
displa y flicker and to increase the frame-drawing rate need 



to be found. At the present time, the^visual scene is, 
redrawn only approximately twice per second. The realism 
of the animation would be improved considerably iff the 
scene were redrawn at a much faster rate. 



4. Very littre research' and development has been performed on 
the optimal method to ^disjpljay this type of simulated 
three-dimensional animation ana on * how to maximize the use 
* of the available simulated thrfee-dimensional cues. More 
human factors/human performance data are needed concerning 
. the display and perception «of * simulated three-dimensional 



> 



scenes . 



v 




There were many possible training applications discussed 

during, the course Of this effort, including use of this 

display as a basic introduction jbo aircraft intercepts, as a 

refresher system to address intercept geometry, and as a 

part-task' train&r for teaching advanced concepts sjich as 

aerial combat tactics (dog fights) and pop-up maneuvers; 

This type of display capability could . ble usjd at these 

various levels of difficulty and complexity, but would 

require that the specific training issues at each level and, 

° .*■••• • . >y 

the required graphics capabilities be clearly identified. 




Both of the videotapes 4 ev ©loP G d ^during this yproject have, been" 
incorporated into the IWS training program. Sjpec/f icilly, they will be f 
shown to all students during the third week of the :10-weelc IWS training 

program. At that time students will have completed their familiarization 

■ - ■ . \ **'..'-.■■ ■ ' " ' . •* - j - 

with the BUIC equipment and will be ready to bggin performing simulated 

intercepts. Thus, these tapes will primarily ; serve the 0 purpose of 

reviewing ^jLntercept^ tactics .and ^ geometry " ( before , students become 

intensively involved iii controlling, intercepts on the BUIC equipment. 



fTime and manpower limitation^ on this effort did -not permit a 
full-scale evaluation of the training effectiveness of the videotapes, 
although student comments have generally been quite favorable.; Although 
it was not included in this feasibility demonstration effort , % future work 
in this area should Include a formal evaluation of the usefulness of the 
simulated three-dimensional training display. 
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SECTION 2 - SYSTEM DESCRIPTION 

• ' * 



* * j 

OVERVIEW ' » ^ 



' ' ■ In order to address the training issues discussed in the pre\fious 
section, display design ^nd^operations requirement^, were developed, 
including descriptions of the special training-related graphics. Th^ 
initial requirement was for an animated; display with full control , of 
three aircraft within a confined airspace. The second requirement^was 
for. a set. of special graphics displays to be shown as overlays to the 
aircraft and airspace visual ssene to address the training issues .v The 
third^requi dement was for 1 the capability to develop and record complete 
mis'si6rv\ scenarios directly from the digital computer output on£o a 
videotape. Dur^ng^/work on- each -of these requirements, preliminary and 
final products were; evaluated by air weapons controller instructors and 
many modifications .were implemented as a result of their feedback, r.J 

The ^computer hardware system components, included a graphics^ 
microcomputer, . standard keyboard, program storage disk and a *cplor^ 
viewing monitor. This basic system was supcfofcted }by a ^computer signal 
encoder, plus a standard videotape recordeiKfnti color television monitor f 

for making videotapes. , / m ■ . t - . < 

' "y 4 ( 4 * * '"■ * 

v . V * 

The ^basic simulated th^e-dimensional graphics software and the 
operating system reside on the 'microcomputer in Programmable. Read Orlly^ 
Memory (EjRpM) microprocessor chips. .This computet code is supplemented 
by an additional "applications package that contains the instructions \(qv 
displaying and controlling the aircraft, visual scene, . and^speciSl 
graphics. ( 



t 



There are two versions of the software system.' The first is for 
°liv/ flying" (i.e., interactive control) of the aircraft. This version 
is displayed on the^color viewing monitor, using a high resolution visual 



/ ■ ■•■/■■.'■,. , . / ' ' ■ " " . ; : : y y': . ' < •• 

'•• ifv; ' ' , '. . . - • . . ' 

* > '|-:tf^spiay , and is used prince}: ly** for giving system demonstrations. This 

'■Jli/ S / ./;>• ; - ■ ' '"" ■ ; " ■ *■•' 

^ version ^li^b'fp referred to *as *the high resolution CRT version . Then 

^ second version for producing * videotapes and is displayed on the 

• . ' - » a ••' ■ ■ .» • ■ ■ - . ■ -J 

"television screen using a low resolution version of the display. This 

'•.Jp .'version will be referred to as the J TV/videotape version. The differences 

: :; : i}y..,'iy- :> a ■ ■'■■*.•.■>.'. ) . .».<>. 

Vj/ between these twAversions wili^fejer described in more detail later in tjiis 

^■^sectipn.- v 

■Jl '■■ • • * ■ • . 

: • v • — 

'# HARDWARE AMD FIRMWARE * 




The microcomputer , us£d to develop this graphics graining display 
system was a standard* Aydin Controls/, Inc. model/ 521^display computet 
with nine memory planes and six t>ther display, and/ control microprocessor 
boards. This is a 16~bit computer" wtWf^ an Intel 8086 cehtral 
microprocessor. ^Internal to this system /are ? a number g( hardware 
\ *modules 9 including a hardware vector gefoeratoc, which enhance the*-. 

7 y v, 1 ■ ' * '■ < ■• ' . • ;.. yf 

I ' graphics and alphanumeric display capabilities. . , 

/ • ; • : . ' .. /: ■ ' . ' ^ ' : 

'The applications software is stored on a Perkin-Elmec VF--1221 
cartridge 'djisk drive, witlT controller . VJhen the computer is" initialized, , 
the applications software is loaded from the storage, disk into the 
computer primary memory. The operator work station for- interactive " 



'■-if" 




flying consists of an Aydin Controls, Inc. Model 8026 high resolution 
color 
Heys . 



color monitor* and a !j(odel ^5116 .keyboard ^with 16 user-definable functior 



^ For making and" viewing videotapes, the system also 'includes a Lenco 
PCE-A62 CojLor Encoder* and a Lenco CSL-710D Synchronization Generator . 
These, two pieces of equipment convert the analog - m RGB (red-green-blue) 
output from the computer to v a format suitable for v direct input to a Sony 
videotape cassette recorder and- a Sharp, television, although any standard 
color vicfeotape recorder and television c^n %4 used. 
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'The Aydin 5216 is a stand-alone,'' raster scan/ , full-color 
ipixrocomputer display system capable of %^ 102.4- by lOSAypixel display,* 
although the pixel Configuration is f^og^ a lower* ; 

resolution format for signal ^convers ion to standard, television scan rates v 



for direct videotaping . A standalone system 4 ^as chosen because i1f\ 
provides ari* alternative to J&e traditionally higher-cost host-bouiid> 
simulators- (i.e/, graphics displays generated by large, general purpose ^ 



computer )\ 



The computer code develdpfed 
including 
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ori§tAis (training display ^capability, 



disk-based opj^^tj^f ^System, , was achieved in two phases . 



The f ixtsi. ^fa^ / the develo 

^ose s imulatfd " 't^^rd^e'i 
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. package , / named 
; residing^on .^f^^ijXm 



ir«Ayd| 

en^^^l 'graphics^ ; instruction 'set; L This 



si 



ontrols, Inc. , of, a general v 
>n 
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Aow An off-the-shelf software package 
$H?vonly,- memory (PROM) ohip. ■ The second 



j^hase inyoj^^^ .software described - in 

^•.fc^iowti^ ; '. ,.-.\ * ,\ Vjy 

The arrSpaoe in^vihich the • aircraft ••fly' 1 is 'defined .as part of the 

>ace Contained in the graphics nucleus 




coordinate 



of • the graphics; 'primitives, including Surfaces, 



three-rdimens ionial 
(AYGRAF/3D) 

vectoFS, prisms/ spheres f and text are described in terms of ' this 

three-dimensional- coordinate space. These primitives arer grouped. 

together in tof display lists *known as graphics objects Eacli aircraft/ 

the ground- surface, -'and the additional information displays are described 

by separate graphics objects. An image transformation is Sassociated wi<t£; 

each- graphics 'objects which causes the object to rotate, translate, and 

scale in a simulated three-dimensional world coordinate space.. Thus, it 

. * ° k" ■ . / . ■ -« • .« 

is possible to position and orient each aircraft individually without, 

altering the graphics pcimitives that* describe it or, the image! 

transformation,' translation^ and rotation factors associated with 'xhe </* 

aircraft This technique improves the animation re^pc^se time /for .th^ 

simulation of aircraft movement. 



In ad^itigiLt, the graphics objects are nested >in the form of a tree 
structure allowing the development- of complex hierarchical data bases. 
Thus, domplex arid different transformations of separate graphics objects 
can be modeled through the use of hierarchically structured .sio^X^ 
t^nsformatioW of each graphic^ object in the tree. 

TViewiiig' transformations make it possible to alter the apparent 
position 17 of "the* viewer and to control the amount of theS^cene that is 
observed. ' In the application^ software, the location of the viewer in 

-' '• , " . 9 ■ . . * .' '.'".* * 

the simulated three-dimensional' space is specified, and also, the 
" direction in which to look. If the viewer were looking through a windoW,< 
{he position of the window would be specified, as well as the height and 
width; of the window and the distance from the viewer to. the window. 
Together,^ all of these 'simulated three-dimensional viewing 
transformation^ allowed the .development of the* panning and visual sce^e 

■ \ * ■ '< :. \ • - , • 

zoom capabiliti^sMescribed later. 



Finally,; the* basic simulated) three-dimensional instruction/^set 
allowed the jpeyboard to be used for aircraft, *scjene and trai 
graphics control through the use ofVthe function keys. This allowed many 
often-used routines to be invoked by the use of the function keys, rather 



than requiring an operator to type commands on the keyboard. 



APPLICATIONS SOFTWARE 



, , / v. 

The use of the AYGRAF/3D basic simulated three-dimensional 

instruction set required that the applications software be written in the 

F^TH programming language. This language uses English-type words to 

build a graphics ^dictionary through the use 'of a threaded, linkjed list. 

• ■ '•' .V i 

Bach command, procedure, and variable must be defined at some point in 

' >* • ■ v * • ' * ■ ' ' 

the' program before it is actually used,' because initially, the program 

has very few predefined' words that it recognizes. Following the 

principles ' of structured programming, FORTH allows the definition of a 



hierarchy of procedures. This permits the execution of complex tasks 
'through the chaining of simple procedures. 

• Under the AYGRAF/3D FORTH multitasking operating system, ,there are 
two separate major tasks.*" One drives the animated visual scene via the 
c'onstrufctS and display routines internal to the program. The second 
services Keyboard commands. The first is a timer-driven task to handle 
, the actual animation if the scene. It calculates the path and rate of 
WM *chUnge'.of each aircraft* for each frame' and creates a new frame of picture 
data on the screen from updated image transformations. The second 
handles inputs from the interactive keyboard. Inputs from the keyboard, 
^either from the alphanumeric typing keys or from the function keys, will 
direct commands 'to the a animation** task to alter the aircraft flight 

parameters ot o:€Ker components\ of the visual scene. This task also 
provides all of the user-friendly interpretation and messaging necessary 
fpr the system operator or student interface to the applications program. 

4 x ■■ * ' * ■ * 

In order to preserve the "realism" of the display, a major priority 
was to achieve smooth animation of the aircraft flight. To do this, a 
special technique was used in which each successive frame image is built 
in alternate frame buffers and displayed in turn. While a given frame is 
being displayed, the next friame is being built into refresh memory by the 
graphic^ routines and hardware. When the entire next frame is built, the 
old frame is made invisible, and the new frame is made visible. This 
^ping-pong" effect is achieved through the use* of video lookup tables. 



This procedure achieves a smooth transition between frames and, the 
observer does not have to watch the separate frames being built on the 
viewing screen.. — 



, VISUAL SCENE, 

Figures 1 through 3 show the whole visual scene. As can be seen from 
v these figures, the ^display can be divided into four separate areas: the 
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airspace display, the aircraft information display^Uie zoom/position 
indicator, and the text line, \ 

In the center of the display is a grid, viewed from the top-down 

position in Figure 1, which represents the ground over which the aircraft 

fly. The airspace lies above this^ ground representation. Although the 

ground defines the geographic area in which the aircraft are to be flown, 

they can actually be flown throughout a larger airspace that includes 

some area outside of the displayed '\ geographic area. This reflects the 

V- ' • . . ' , . * ' t * 

"real -world" situation in which air weapons controllers are ndrmally 

. ' ■; " ■ ■ :•■ . -I 

assigned a particular airspace, but sometimes have the. aircraft fly 

■ ■ , » 

outside, of the assigned area, either accidentally or on purpose. 

The / airspace directly above the grid display (ground) simulates an 
area roughly 70 miles on each side and 28,000 feet in altitude. The 
visual scene may be viewed from a number of viewer perspectives: 
top-down, 45°-angle, and front views, as shown in Figures* 1 through 3. 
These different angles of view allow a better understanding of the 
three-dimensional aspects of the display because of the different 
^perspectives available. The Visual scene may also, be shifted vertically, 
horizontally fr or diagonally through the use of the /directional panning 
keys located on the keyboard. This movement is usually done in order to 
keep the aircraft centered in the viewing screen as they move* through the 
airspace. ; ^ 

Dynamic information about each .. aircraft is displayed in* the upper 
right-hand corner of the display. This information is provided, for each 
aircraft that is being flown at any given time and includes data on 
aircraft heading, speed, altitude, type of attack committed to, current 
heading crossing angle, and bearing and range to the target. This 
display was organized so as to be similar ? to- that actually used on 
automated operational equipment . When any of those data change for any 



displayed aircraft, the data display is automatically updated, thus 
providing' accurate data constantly* to the student.' 
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FIGURE 1. VISUAL SCENE > (TOP-DOWN DISPLAY) 
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FIGURE 3. VISUAL SCENE (FRONT-VIEW DISPLAY) 
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The amount of zoom being used (i.e., the proportion, of the total 
airspace being shorn on the viewing screen) and the positions of the 
aircraft, in the airspace are displayed in the upper left-hand corner of 
the viewing screen. A zoom value indicator (i.e.-, XI, X2, X3, etc 4 .) is 
positioned -at the lower left-hand corner of the zoom position indicator. 
There are nine zoom values available, with a zoom value of one (XI) 
indicating^ that all of the airspace is being shown and nine (X9) • 
indicating that the ^sjoalle^b available segment of the airspace is being 
expanded to fill the viewing area." The background color of the, 
zoom/position indicator is -colored light blue Jbo indicate tie whole' 
airspace, and the portion of the airspace actually being displayed/ is J 
dark blue. Thus, it Is simple to determine quickly which portion is 
v being displayed at* any given time^ The positions of the aircraft within 
the airspace are represented on the zoom/position indicatbj^ by short; 
straight lines similar to the processed radar return seen on manual 
operational radar equipment. •.. J- ';' /■'■ v ^V^..-' 

Alohg the bottom of the viewing screen. ^ simulates ; 

, communications between the • air weapons controllers and the pilots. «; 
Although the aircraft are cbhtrblied using a command language similar tp 
that used with actual aircraft pilots, there are differences caused by 
the fact that the operator is actually communicating with the cfcrtputer by ' 

£■ typing*. This text I trie also provides error messages when improper /inputs 
.are made or when ' air qraft are maneuvers they are- not 

programmed, to perform. ';. : / ' : yl Vi ^ 

/AIftCIUUra;DIs|LAX KAIL'S ^in^Oh. ;v >: \ ^Jj£ m *' 1" 

As mentioned before , tftere%pe two. versions of the. software used for 
thi^ system, : a h^ of the 

aircraft, and a low res blu t i on TV/y i deo t ape v ve r s i o n used for producing 
videotapes . The ^lf f ^rences twi/ ve.r s iqj^^^ife addressed! 

in ^detail later in this ^siection: However; -the major dif ference feetween 



these two versions is the manner by which the aircraft are controlled. 
In the interactive version, this interceptor aircraft are controlled via 
the keyboard, whereas the target aircraft may either be keyboard 
controlled or fly a scripted route prof ile .(flight plan) . This latter 

•capability /allows an operator to control interceptor aircraft flying 
against a target whose flight path is unknown to the operator. ^In the- 
flight plan version, although some interactive control is available, all 

^aircraft are? primarily controlled from scripted .flight plans and the 

Tceybpard is used only to modify the viewing controls (zoom, pan, etc.). 
Either two p^r kti^ree aircraft may bet displayed and controlled at the same 
time, providing the capability to "fly" either one or two interceptors 
against a target aircraft/ Through a series of interviews with training 
personnel and a review of relevant braining material, a set of commands 

• were ^developed that are quite similar to the language actually used to 
control real aircraft (e.^ 

. '■ ' "■ " • ' ' « "/ 0 . 

SPECIAL GRAPHICS RELATING TO TRAINING ISSUES 

• After mo^t of t^j}^6ftia^ve for visual scene and aircraft display and 
control Was deyelbped, discussipns^^ conducted With IWS instructors to 
identify the sp^ciif ic|^tralnihg issues to be depicted through specialized 
graphics and Ms s ion scenarios. The intent Was to use these additional 
graphics , when appropriateV as overlays, on the visual scene and to 
describe them as part of the' ins true tor voice script on the videotape. 

Intercept Cone of Attack . '; 

■:•„■ * ""■ .".'.V' 

,V . Wh^h an interceptor is approaching a target, it is critical ^that 
it be within the "cone of attack** that is appropriate for the intercept 
tactic being used. ^Figures A and 5 present the cones of attack for the 
Stern 4fid cutoff attacks; Although the appropriate cone of attack was 
developed for the pursuit attack, it was not photographed* These cones 
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FIGURE 4. CONE-OP-ATTACK DISPLAY (STERN ATTACK) . * ; •. > 
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be displayed for either the left or right side of the target, 
*dtejjGridirtg - on which side the interceptor is* approaching. The 
\cone~of -at tack display is quite useful for quickly establishing whether 
the interceptor is "hot" (the heading crossing angle is too great) or 
'•coLi' 1 ' (the heading crossing angle is too small) on an intercept and how 

much correction, if any, is needed. , fl 

• * - • • , •■ — . **".■* . 

Intercept Vectors . ; " . ■ . ' 

...... 

The intercept vectors display (Figure 6) is a triangle that can 
be shown on the display and is 'composed of the target heading line, the 
interceptor heading line, And a line representing the bearing from the 
interceptor to the target. > Ma^y of the conceptual Issues concerning 
aircraft intercept geometry are based on this triangle. Prom a practical 
standpoint, this display focuses a student 1 s attention on the expected 
flight paths of the interceptor and the target and on the point at which 
they interact, ^which is roughly equivalent to the intercept point. In 
using this' display, students can quickly tell if an interceptor heading 
correction is needed and, if so, in which directions Also* the graphic 
difference between the direction of the interceptor heading line and the 
bearing-toVtarget line demonstrates the "angle-off /■ which the air 
weapons cpAtroller verbally gives the pilot as a number, a concept which 
is sometimes difficult for students to understand. 

Bearing Vectfor 

The bearing vector, as shown in Figure 7, is a simple graphics 
display of the bearing from an identified aircraft to the target. It is 
identical to the bearing vectpr line used, as part of the intercept 
vectors display. The primary t purpose of the bearing vector display is to 
^focus a/students attention on the direction of this vector, since, it 
provides a graphic portrayal of information' given a pilot by the air 
weapons controller as a number and, again, is a concept often difficult 
for students to visualize and learn to use. 




v' Aircraft Plight Path Display . , , w 

. -v; -\ ■•■ ; r ( ;■; - * 1 

One of t:he moro intereatlng^graphica Jisjpl^ys loathe flight path 
, * . - • • . 1 

display, ohown in Figure 8. This display is similar to ^the data trail 

used in sA(2B~ and BUIC-type automated aircraft \ control systems, The 

primafrtf difference 'Is that! the flight path display in thig> experimental 

system is cotisidejably longer, allowing the student to observe more of, 

.the flight path ^ flown by th0 aircraft during an * intercept, and thus 

better understand the geometry of the intercept. It is especially useful 

after m^jor aircraft turns are made, because it allows the \ student to 

"look, back" and see what path the aircraft have taken, 

" / ■ "'■■./■, : ; * . .. ■ ; . ' ' , 

Aircraft Flight Predictor (Look-Ahead) Display 




Although both the high-resolution CRT and> -the r ^W/videotape 
oftware versions contain the preceding speclal^^^apSjlic^; the 
TV/videotape version has an additional graphic, thp * fligfnfc^pradictor 
display shown in Figure 9. With this graphic, it is possiblei§to show the 
flight path of each aircraft that is predicted for approximately the next 

50 frames, or approximately 30 seconds of flight. This allows a student 

. /.*'.' • ' * ■ 

to observe the effects of having the aircraft contintiej on /their current 
headings or to see where heading changes are required injjgprder to 
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complete a successful intercept. This display can also be usfd yco^pict 
the transition point (XP> , offset point (OP) , ^ton/ poinc^ (TP) and 
intercept point (IP)> although normally only the OP-ond TP\are used. 



As described earlier, this experimental system can be used two ways: 
either to fly the aircraft and perform "live" intercepts using the 
interactive keyboard during^ system demonstrations/ or to develop 
videotapes of scripted mission scenarios for later viewing in. a training 
environment* This section will discuss briefly how the system is used 





FIGURE 8. AIRCRAFT FLIGHT "PATH DISPLAY. 
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fop theae two purposed, 1 and ' a more in-depth dlaeunalon of iiyotem wfc-up' 
and operation la Included In Volume .II of thU technical paper. 

When on operator wishes to "fly" tho aircraft interactively, tho 
proper software storage disk (high resolution CRT version) must bo loaded 
into the disk drive, the system must he initialized, and the proper 

software loading instructions must be typed on the keyboard, These 

..v., - * » 

procedures are outlined in Volume II of this technical paper, 

After these steps are accomplished, the aircraft appear in 
preset positions on the viewing screen and are under interactive control^, 
starting with preset headings,^ speeds, .gnd altitudes. After "the number 
of aircraft to be displayed (either two or three) is chosen, the keyboard 
and viewing controls are used to manipulate the visual scene and to - 
control the . aircraft for performing intercepts ( It is ' possible -to fly 
either one or two interceptor aircraft against the target. 

The keyboard consists of standard typewriter-style keys (letters 
and numbers). These are used to input most of the "verbal " commands (to 
the aircraft) into the computer, using language quite similar to that 
used with actual pilots.- The operator simply types the command (e.g., 
GP02 LEFT 180) and then depresses the carriage return key. While the 
command is being typed, it is displayed on the text line at the bottom of 
the visual scene so that the operator can see if there are any typing 
errors . 

■ ■ _ ' \ 

'■ „ Above these typewriter-style keys are two rows of user-definable 
function keys. Use of these keys allows software routines to be 
activated by pressing a single key. Most of these keys pre used to 
display special graphics routines and to control the angle "from which the 
visual scene is viewed^ top-down, 45°~a;ngle, and front yieys) . , 



On the right Pido of the keyboard ape th4 > Ulpoot'l^ftl panning 
key o and the numeric pad for ehanBlng the . Itvpl^ffflroap dfc the scone 
bolns displayed. Thoso two nets of viewing contain along with the 



angle- of-vlew function keys, ape used both when controlling the aircraft 
Interactively and when making videotaped, Thopjnlncpoh ,koys are further 



described in Volumo II of this pawr. : 





Due ^Jto the difficulty of f (c6yboar;d Mntorcoptor control, it was 
decided tltatS the graphita display would, bo\ prooonted via videotaped 
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mission 8celftaeiq$/ rather tjhan thb Aircraft controlled by students 

interactively from the keyboard • : Thus/ ^ a second version of the 
applications software was /developed to provide this capability. 

an the second software version (TV/videotape version), scripted 
flight plans are developed 'for each aircraft using software commands and 
are thdn integrated to f c^iv^/lnl s si 6in 'scenario that' can run automatically 
from beginning to end, rather ■;. than having the aircraft flown 
interactively from the keyboards This allows the development of 
scenarios that focus /oh the specific intercept issues to be 
demonstrated. It also . minimizes the aircraft^ cohtrol mistakes vjhich 
would ^necessarily exist if the' videotape development propess simply 
consisted of recording a "live" ! mission flown * using the interactive 
keyboard. , 

■j ' The actual process .of developing missioa scenarios is quite 
time-consuming but has many advantages over other approaches. The target 
and interceptor flight paths are sketched on > paper and reviewed by 
training instructors to make sure that the' correct intercept tactics ^re 
being displayed. Then the aircraft are flown interactively and a listing 

of the commands used to control the aircraft is compiled. This step is 

.. ' ■;■ " ' • ■ > ,. . . ■ V • -J '. • : * 

repeated until a set of ^software commands (i.e.; a flight plan) is 

developed .which^ to fly the mission under software 
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control, rather than from the lnt«rMfalvfi keyboard, Finally, tha display 
of U»e relevant apaoial gr^hiei relating to Mis ^intercept •soomtry 
iaouejj in added to the 'aoftware Hating and any "final ohAngea that may lio 
necofltmry are made to the flight plan, When this prooeii la nomplafced, 
the entire misuion can b§ run by. the typing of ft elngle eomfyind to 

initiate tho flight plan, except for the viewing controlii a« dluouaeed 

• ■ ■ * 

previously; and .the whole mluulon In recorded directly from the computer 

output onto a videotape, 

• • • t i 

The final stop in dotrbloplng videotapes for instructional 
purposes in to develop an instructor , script to abeomftatoy «the mission 
scenario and to record thin acript- onto tho voice .track of the 
vHdeotapo. Thus far, two videotapes have been produced using thin 
system: one to address the stern intercept tactic and one c f or the cutoff 
intercept tactic. 
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Thin effrorfc win conducted At the t^<4M**«t of Mia -T«ctlo«l Alt? Command 
to improve the training of Air fot'ti^ air weapon a controller^ by 
development And application of advanced computer graphloi training 
technology, More ipeolf leilly, the itjaue W training aircraft intercept 
taction And geometry, especially those relevant to three dimensional 
airspace iaaueM, were .the focutf of title research And development effort. 
In order to din play those types of -doncopto, a simulated 
thro^-dimensional computer graphics aircraft intercept animation was 
dovolopod, * \ 

f Thin display capability was dovolopod bocauoo issues deemed critical 
to the training of air weapons controllers aro very difficult to address 
adequately with either standard two-dimensional r&dar^JLLflplayfl - or by 
classroom lectures .and demonstrations ♦ t The animated display that was 
developed provides the capability to display control up to three 

aircraft, a low fidelity visual scene/ a dynamic aircraft Information 

\ 

display, and special graphics which illustrate the critical training 

■ ... 

concepts involved in performing aircraft intercepts. This developmental 
system may be used plan complete scripted mission scenarios and to 
videotape them for later student viewing. Two 35~minute videotapes were 
developed- for use in the USAF Interceptor Weapons School (IWS) air 
weapons controller training program; one to address the issues critical 
for performing the stern Intercept tactic and one for the cutoff 
intercept tactic. Preliminary feedback, from IWS indicates that the 
students are pleased with the display and believe that it helps them in 
better understanding intercept tactics and geometry. 

© 1 ■ 

f> t 
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Although this effort demonstrated the feasibility of addressing 
issues critical to the training of air weapons controllers, there were 



many technological issues that were, encountered for which fully adequate 
solutions were not able to be found within the scope of this initial 
effort. The remainder .of this section will discuss these issues-. 



TECHNICAL ISSUES 



Raster Scan Technology , 



Because of its superior display qualities, including the 
capability to display many colors, and the necessity of presenting more 
than just a. plain, black background, it was decided,* to use a raster scan, 
instead of a t vector graphics, display system;! however, a major 
disadvantage to the raster scan technology *is that it has a slower 
animation display rate. One option available for future systems is the 
use of two microprocessor central processing units (CPUs) instead of- the 
normal single CPU; one manufacturer estimates that this will produce a 
refresh rate that is 10 times faster. 

Simulated Three-Dimensional Cue? . 



Providing adequate simulated three-dimensional depth cues was a 
primary concern during this effort. Three options were available for 
displaying the aircraft:* vectors (with an open body), filled (jdth the 
body of> the aircraft drawn), and shaded (with light and dark shadows from 
a simulated external Light source) t Although these three options, 
respectively, have an increasing degree of simulated three-dimensional 
depth perception cues associated with them, increasing these cues caused 
a significantly slower refresh rate. £hus, fit was necessary to use the 
yeetor ^proach, which has the least amount of simulated 
Jblyree -dimensional cues ,f 'in order to maximize the framing rate. . 



- The only other visual simulated three-dimensional cue on the 
display is the representation of the airspace and the grouncj. Because 
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most of the available visual depth cues are associated with the 
relationship between the aircraft and the ground, the choice as to how 
best to display the airspace and ground was a critical one* Several 
different options were developed and evaluated during the project. The 
results of these evaluations were that the more complex displays, such as 
a gridded cube representing the airspace, drew the attention of the 
operator and interfered with observation of the aircraft. The final' 
choice was a simple representation of the ground/ which rotated to 
provide views of the scene from different angles. One possibility for 
future < systems is to provide a ground representation that is similar to 
the one developed in this effort, but which includes low fidelity 
representations of, terrain features, such as hills and valleys, and 
man-made structures, such as buildings and roads. The use of dual CPUs 
could make the use of this more complex ground display possible and 
should increase the perception of a simulated three-dimensional 
airspace. > Other ideas, such as vertical lines from the aircraft to the 
ground to represent aircraft altitude, also deserve attention* 

Interactive Control . 

The, major technical difficulty encountered during this effort 
was the use of a keyboard to -control the movement' of the aircraft 
interactively. The majority of the evaluations by persons from Various 
air weapons controller training staffs indicated that using the keyboard 
to control the aircraft would be too difficult for many students. 
Because focusing attention on the visual scene and the issues being 
displayed was more important than actually controlling the aircraft, the 
work was redirected toward producing videotaped mission scenarios for 
students to observe. In this way, students could concentrate on 
observing the visual scene and the special graphics oriented toward the 
aircraft intercept issues without interference from the task of typing 
commands on the keyboard. 



One possibility/that should be considered for similar systems in 
the future is to use a voice recognition system to handle the task of 
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in-putting commands to the aircraft. In this manner, it would tfe 
possible = to maintain an interactive system where students could practice 
controlling the aircraft but not be distracted from viewing the visual 
scene. Other training systems for students performing less complex 
command and control functions have successfully used voice recognition 
technology to allow a student to speak natural language commands directly 
to the computer. (e.g., Breaux, Cur ran, ' and Huff, 1978; Breaux, 
McCauley, and Van Hemel, 1981; Chatf ield, Klein and Coons, 1981; Dixon 
^ and Martin, 1979; Hiclclin, et al., 1980; Lea, 1980; McCauley, Root, and 
Muckler, 1983; Poock, 1980) 

- Type of Training . 

Three primary issues are involved' in the conceptual design of 
this type of training system. The^irst, and most important , deals with 
whether the system will be used to train air weapons controller students 
on concepts and tasks that are primarily procedural in nature or will be 
used to develop higher-level cognitive skills. Most of the applied 
research in this area has focused' on the more procedural and visual 
perception aspects of the type of tasks performed by the air weapons 
controller. However, many higher-order information-processing and 
decision-making functions are being performed, such as those being 
investigated by Kelly, Greitzer, and Hershman (1981) and by Kelly and 
Greitzer (1982). These researchers examined decision-making performance 
in a simulated command and control operations task and found that 
information-processing and decision-making performance were significantly 
affected by task loadvS They developed a heuristic model including 
executive review, detection, and decision-making as the . major 
information-processing components. These types of skills are not 
addressed in the training programs currently available to air weapons 
controllers. Further R&D is needed to delineate the procedural, 
automated , aspects of this job versus the higher-level, 
information-processing and decision-making aspects and to decide how each 
of these shoald be addressed by future training systems for this 
occupation. 

* ' ' ■ 

eric ; 43 



The second issue concerns the importance of individual versus 
team training. Although the job of the air ' weapons controller is 
predominantly an individual one, many team tasks are required for the 
effective functioning of the weapons teams in their command and control 
environment, such as the coordination of resource allocations. Although 
the system developed in this effprt deals onljy ^With the individual 
aspects of this job, follow-on efforts should be expanded to acldress the 
information flow and communications requirements of 'the weapons teams. 

:, The third issue related to the type of training to be provided 
concerns the role of the instructor in the training process. There are 
trade-of^s to be made , between assigning tasks to an actual- instructor 
versus having the computer perform the training and f performance 
assessment functions. At one end of the continuum, the computer can be 
used only to provide the graphics simulation, with the instructor 
performing all of the other tasks. This is similar to the way in which 
the current training equipment is used . At th^ other end of the 
continuum, the computer can perform the display, training, and 
performance measurement tasks through the implementation of advanced 
computer-managed instruction techniques*. The latter alternative includes 
having the computer present coherent, branched lesson plans, as well as 
performance assessment and feedback to the student . A separate study 
would need to be performed • to evaluate the cost effectiveness of 
^assigning training tasks alternatively to an instructor or to the 
computer in such a way as to maximize the effectiveness of both. 

Visual Display . » ^ 

Although considerable R&D work on visual perception and training 
device display requirements has been conducted (e.g., Biberman, 1973; 
Christ, 1975; Huggins and Getty, 1981; and Lenzycki and Finley, 1980), 
the difficulties encountered in this effort indicate that additional R&D 
is needed on the visual display requirements for this particular type of 
system, primarily because of the new technologies involved an(J the fact 



that it is a simulated three-dimensional display. Issues which need to 
be addressed in further research include: type of display (single 
screen, split ^screen, or dual displays), level of visual resolution in 
the pixel configuration (high - 1024 X 1024, medium - 480 X 512, low - 
240 X 240), color coding choices for different components of the display, 
level of fidelity of the aircraft and visual scene, aircraft shape and 
drawing style (vector outline, filled block, full shading) , manner in 
which the airspace and ground are represented (cube, flat surface, 
contoured surface), and alphanumeric information display requirements. 

Simulated Three-Dimensional Pergpe ct i ve • 

* 

One of the major issues of importance to this effort concerned 
how much emphasis should be placed on the simulated 
three-dimensional-perspective view of* the airspace versus 'presenting the 
special intercept geometry graphics using ^he top-down, two-dimensional 
perspective. At the beginning of this eifWt/ it was expected that the 
three-dimensional geometry of an intercept would be of prime importance.. 
However, as the work/ progressed and more^discussions were held with 
various instructors, it tiegan to appear-Hthat, although some important 
benefits could be derived from observing the three-dimensional aspects of 
intercepts, the intercept geometry, itself, was most easily understood by 
viewing it from a two-dimensional perspective. The final videotapes, 
then, incorporate both perspectives, depending on what concept the 
recorded instructor voice is addressing at/each point in the intercept. 
This area needs much more study in order to specify the need for each of 
these two perspectives in training systems for air weapons controllers. 
Virtually aH of the instructors Involved in this effort agreed that the 
simulated three-dimensional perspective was beneficial in understanding 
how aircraft intercepts occur, but so far, no applied research has been 
conducted to address th^ issue of which concepts need the jise of this 
type of display and which do not. 
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CONCLUSIONS . V 

This exploratory research and. development effort has successfully 
demonstrated' that a simulated three-dimensional computer graphics 
supplemental training system for air weapons controllers is a viable 
concept. The simulation display that was developed resulted t in the 
production of two videotapes for use in the IWS training program. It is 
planned that these videotapes will be shown, to all IWS students during 
their third week of braining as a review of intercept tactics land 
procedures and will be available for individual student viewing 
throughout their training. 

v Initialf use of the stern intercept videotape indicates that the* 
students believe it be beneficial in understanding aircraft intercept 
geometry, whereas some of the instructors are much less certain about its 
value. It was not possible within the scope of this effort to 
empirically evaluate the effects of student viewing of the videotapes on 
actual performance. Thus, no definitive conclusions can be drawn 
regarding the. usefulness of the videotapes. Future research and 
development projects in this area need to include this type of evaluation. 

It is believed that an interactive simulated "three-dimensional 
display system can be developed to address training issues for air 
weapons controllers that other training technology cannot adequately 
train. However, there still remain several technological and training 
system design issues which . need to be resolved through additional 
research and development. It is believed that the more recent advances 
in microcomputer technology make continuation of exploratory and advanced 
development on this type of training system worthwhile. 



REFERENCES 



Altman, S\P. The air combat maneuvering range/instrumentation system. 
Canadian Aeronautical and Space Journal , 1978, 24(3), 159-167. 



Biberman , CM. (Bd. ) Perception of displayed information . New York: ^ 
.Plenum Press, 1973. x - 



^eaux, R., Curran, M., & Huff, E. (Eds.) Proceedings; Voice 
technology for interactive real-time command/control systems 
J application . Moffet Field, CA: NASA Ames Research Center, 1977. 
Reprinted by Naval Air Development Center, Warminster, PA, ,1978. 

/ . ' ; ' ' . •. " • ■ ' 
Breaux, R., McCauley , M.E. , & Van Hemel, P.E. Guides for voice technology 
in Navy training systems. Proceedings of the 3rd Interservice/Industry 

9 

. Training Equipment Conference and Exhibition . Orlando, FL, 1981, 
J- 134-142. 

Chatfield, D.C., Klein, G.L., & Coons, D. The role of artificial 
intelligence in voice based training systems (Tech. Rep. 
NAVTRAEQUIPCEN 80-C-0061-1) . * Orlando, PL: Naval Training 
' Equipment Center, 1981. 

Chrrstj'R.E. Review and analysis of color coding research for visual 
| displays. Human Factors . 1975, 17(b), 542-570. 

h, N.R. , & Martin, T.B. Automatic speech and speaker recognition . ^ 
New York: IEEE Press-, 1979. 

Finegold, L.S. , Wuest, M.E. , & Flaugher, J.G. Simulated three- 
dimensional computer graphics training display for air weapons* 
controllers: Users guide UFHRL-TP-83 -62 (II)). Wright-Patterson Aijr 
Force Base, OH: Air Force Human Resources Laboratory, Logistics and 
Human Factors Divisiofi>J.n press. : 



* » 

REFERENCES (Cont'd.) 



Hicklin, M. , Barber, G. / Bollenbacher , J . , Frady, M, , Harry, D. , 

Meyii, C. , & Slemon, G. Ground controlled approach c ontroller training. 
system (GCA-CTS); Final technical report (NAVTRAEQUIPCEN Rep. 
77-C-0182-6) . Orlando, FL: Naval Training Equipment Center, 
April 1980. "* . 

. ■ . . • / , 

Huggins, A.W.F., & Getty, D.J. Display-control comp atibility in 3-D 
displays (Rep. 4724). Cambridge, MA: Bolt, Beranek, and Newman, ; 
Inc., November 1981. 

Kelly, R.T., & Greitzer, F.L. Effects r of- track loa d on decision 
performance in simulated command and contr ol operations 
(NPRDC-TR-82-21), San Diego, CA: Navy Personnel Research and 
Development Center, January 1982. 

Kelly, R.T. , Greitzer, F.L., & Hershman, R^L. Air defense: A computer " 
pame for research in human performance (NPRDC-TR-81-15) . San Diego, 
CA: Navy Personnel Research and Development Center, July 1981. 

Lea, W.A. (Ed.) Trends in speech recognition , Bnglewood Cliffs, NJ: 
Pren*tice-Hall, 1980. 

Lenzycki, H.P. , & Finley, D.C. How to determine tra ining device 

requirements and characteristics: A handbook for trai ning developers 
(ARI Research Rep. 80-25). Ft Benning, GA: Army Research Institute 
Field Unit, May 1980. 

' ■ i 
McCauley, M.E., Root, R.W. , & Muckler, F.A. Training e valuation of an 

automated training system for air intercept controllers (Tech. Rep. 

NAVTRAEQUIPCEN 81-C-0055-1) . Orlando, FL: Naval Training Equipment 

Center, December 1982. 



REFERENCES (Concluded) 



Poock, G.K. Experiments with voice input for command and control (Tech. 
Rep. NPS-55-80-016). Monterey, CA: Naval Postgraduate School, 1980. 



r 



•<s> 



:1. •'. 



9 

ERIC 



40 



49 



BIBLIOGRAPHY 



Akinde, A.D., Grimsdale, R.L., Hadjiaslanis , A. A. f William P.J., & 

. . ".i.: . ° . - , : ■ ' - 

Woollons, D.J. Use of a siurface oriented colour raster display in 
computer generation of images for flight simulators. International 
Conference on Displays for Man-Machine Systems , London, England, 
April 1977. 

Artivick, B.A. Threef^nensional microcomputer graphics for economical 
simulations. Proceedings of the 1978 Summer Computer Simulation 
Conference . Los Angeles, CA, 1978. r. 
■ ■ ■ . . ■* 

Benjamin, M. , & Pachella, R.S. The effect of complexity in integrated 
multidimensional displays / (Tech. Rep. 66). Ann Arbor, MI: University 
of Michigan, Department of Psychology, December 1980. 

Bird, J.M. On the display of three dimensional lair traffic control 

situations (A. P. Notp 47). Birmingham, Engla^ of Aston 

in Birmingham, Applied Psychology Department, August 1975. 

■ i » . 

Bird, J.M. Further considerations on the display of three-dimensional 
a ir traffic control situations (A. P. Note 590 . Birmingham, England: 
University of Ast^rTin Birmingham, Applied Psychology Department, 1978 

Brooks, R.A. Symbolic reasoning among 3-D models and 2-D images 
(STAN-CS-81-861) . Stanford, CA: Stanford University, June 1981. 

Chatfield, D.C., & Gedcumb, C.F. Optimization techniques for automated 
adaptive training systems (Tech/ Rep. NAVTRAEQUIPCEN 77-M-0575)* 
Orlando, FL: Naval Training Equipment Center, 1977. 



BIBLIOGRAPHY (Cont'd.) 

2* 



Cicchinelli, L.F-. , Harmon, K.R. , Keller, R.A., & Kottenstette, J.P. 

Relative cost and training effectiveness of the %883 three-dimensional 
simulator and Actual equipment (AFHRL-TR-80-24, AD-A091808) . 
Lowry Air Force Base, CO:, Air Force Human Resources Laboratory j 
Logistics and Technical Training Division, September 1980. 

■ : '■ .. . . - . - / ' " \ " ;M 

C9tton, J.C., & McCauley, M.S. Voice technology design guides for Nayy ^ 
training systems (Tech. Rep ' NAVTRAEQUIPCEN 80-C-0057-1) • ' Orlando, 

. • >, . : . ' • . " '•. 

FL: Naval Training Equipment Center, 1981. 

■_ , ■ _ j : ■ ;' : w >'\ v ■ • % ' 

. . * ..." V ' . . " .• 

Crawford, A.M. Interactive computer graphics for s imulation^di splays. ; 
i Proceedings of the Human Factors Society 21st Annual Meeting , * ;»• 
• San Francisco, CA, October 1977. 

Crawford, A.M. , & Crawford, K.S. Simulation of operationtf^^^^nt ^ 
with a computer-based instjruc: tional system - A low cost t^mnf^ 
technology. Human Factors y 20(2) , 215-223. 

Crawford, A.M., & Hollan. j;b; ^ Development bf a computer-based 

tactical training system (NPRPC Special Rep. 83-13) . San Diego, CA:. 
Navy Personnel Research and Development Center, January 1983, 

Crawford, A.M., HurJ^ck, R.E. , Padilla, R. , & Sassano, A. Low cost 

part-task training usini* interactive computer graphics for simulation 

, ■ of operational equipment (NPRDC-TR-TQ76-46) . San Diego, CA: 
Navy Personnel Research and Development Center, September 1976, 

Finegold, L.'S. & Asch, A.J. Development of a low'cost 3^dimensional 
computer graphics training system (AFHRL-TP-82-45. AD-A124557) . 
Wright-Patterson Air Force Base, OH: Air Force Human Resources 
Laboratory, Logistics and Technical Training Division, January 1983. 



BIBLIOGRAPHY (Cont • d . ) 



Gpett, J.M., Post, T.J. , & Miller, G.G. 6883 maintenance training 

simulator development ^tlllzlng imagery technicques ( AFHRL-TR-80-3 ) . 
Lowry Air Force Ba^e, w: Air Force Human Resources Laboratory, 
Technical T^aini^ng Division, May 1980. 

Halley, R. f Hooks, ?J,T. f Jr., Lankfocd, ' H.G. , & Norvell, L.H. Behavioral 

. ■• ■ , ■ ■ . s 

objectives for air intercept controller prototype training system 
(NAVTRAEQUIPCBN Rep. 78C-0182-1) . Orlando, RL: Naval Training 
Equipment Center, 1981. 



Lavfeson, J.I., & Silver, C.A, Man^machine spoken language for the control 
of aircraft. • Proceedings of the 1972 International Conference on 
Cybernetics and Society , Washington, DC, 1972, 165-170. 

Moore, M.U., & Nawrocki , L.H. The educational effectiveness of 

graphics displays for computer-assisted instruction (ARI Tech. Paper 

■\ 332). Alexandria, VA: Army Research Institute for the Behavioral and 
Social Sciences September 1978. . • 

Newman, W.M., & Sproull, R.F. Principles of interactive graphics . 
New York: McGraw-Hill, 1979. 

: ■ ; - -/ -. : 

Nickerson, R.S., Adams, M.J., Peir, R.W. , Sevets, J;A., Fidell, S.A., 

■ ' 3 * 

Feehrer, C.E. Yntema, D.B., & Green, D.M. The C - System User 

Vol. 2: A review of research on human performance as it relates to 

the design and operation of command, control and communication systems 

(Rep. 3459). Cambridge, MA; Bolt Beranek and Newman, Inc. , 

February 1977, 



43 52 



BIBLIOGRAPHY (Cont'd.) 

* ' ' . * ; • 

Orlansky, J., and String, J • Cost-effectiveness of computer-based 
\ instruction in military training (IDA Paper P-1375). Arlington, VA: 
Institute for Defense Analysis, April 1979. . '• \- 

Ramsey, H.R. , & Atwood, M.S. Human factors' in computer systems: * 

A review of the literature! (Tech. Sep,. SAI-79-U1-DEN) . Englewodd^ CO: 
Science Applications Inc., 1979. , 

Ramsey, H.R. , Atwood, M.B. , .Si Kirshbaum, P.J. A critically annotated 
' bibliography of the literature of human factors in computer systems 

(Tech. Rep. SAI-78-070-DEN) . Englewood, CO: Science Applications; 

Inc. , May 1978. ~~ ^ " " ----- -- ' 

Sher, L.D. Flight Simulator: Use of spacegraph disp^y in an 

instructor/operator station (AFHRL-TR-80-60, AD-A101951) . Williams 
Air Force Base, AZ: Air Force Human Resources Laboratory, Operations 
Training Division, July 1981. 

Steffen, D.A.,, Gray, G.C., Wasmundt, K.C., fi^Lamos, J. P. Development 
of a low-cost stand-alone microterminal for support of testing and 
instruction ( AFHRL-TR- 78-50, AD-A060215). Lowry Air force Base, CO: 
Air Force Human Resources-Laboratory, Technical Training Division, 
September 1978. 

j ' • o ■ . • ■ * 

Vlahos, P. The three-dimensional display: Its cues and techniques. 
. . • ■ . t 

Information Display ., November-December 1965, 2(b) (10), 13-20. 

Williges, B.H., Roscoe, S.M., & Williges , R.C. Synthetic flight training 
revisited. Human ^Fac tor s » December 1973, 15(b), 543 r 560 ( . 



Williges, B.H. , & Williges , R.C. User considerations in computer-based 
information systems (Tech; Rep. CSIB-81-2fr. Blacksburg, VA: Virginia 
Polytechnic Institute and State University, Computer Science, 
Industrial Engineering, and' Operations Research, September 1981. 



